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TOXIC STRESS AND PTSD IN CHILDREN
Adversity in childhood is linked to mental and physical health
throughout life
The prevalence of “toxic stress” and huge downstream consequences in disease, suffering, and
financial costs make prevention and early intervention crucial, say Charles ANelson and colleagues
Charles A Nelson, 1 Zulfiqar A Bhutta, 2 , 3 Nadine Burke Harris, 4 Andrea Danese, 5 Muthanna Samara6
Today’s children face enormous challenges, some
unforeseen in previous generations, and the
biological and psychological toll is yet to be fully
quantified. Climate change, terrorism, and war are
associated with displacement and trauma. Economic
disparities cleave a chasm between the haves and
have nots, and, in the US at least, gun violence has
reached epidemic proportions. Children may grow
up with a parent with untreated mental illness. Not
least, a family member could contract covid-19 or
experience financial or psychological hardship
associated with the pandemic.
The short and long term consequences of exposure
to adversity in childhood are of great public health
importance. Children are at heightened risk for stress
related health disorders, which in turn may affect
adult physical and psychological health and
ultimately exert a great financial toll on our
healthcare systems.
Growing evidence indicates that in the first three
years of life, a host of biological (eg, malnutrition,
infectious disease) and psychosocial (eg,
maltreatment,witnessing violence, extremepoverty)
hazards can affect a child’s developmental trajectory
and lead to increased risk of adverse physical and
psychological health conditions. Such impacts can
be observed across multiple systems, affecting
cardiovascular, immune,metabolic, andbrainhealth,
and may extend far beyond childhood, affecting life
course health.1 -3 These effects may be mediated in
various direct and indirect ways, presenting
opportunities for mitigation and intervention
strategies.
Defining toxic stress
It is important to distinguish between adverse events
that happen to a child, “stressors,” and the child’s
response to these events, the “toxic stress response.”4
A consensus report published by the US National
Academy of Sciences, Engineering, and Medicine
(2019) defined the toxic stress response as:
Prolonged activation of the stress response systems
that candisrupt thedevelopmentof brainarchitecture
and other organ systems and increase the risk for
stress related disease and cognitive impairment, well
into the adult years. The toxic stress response can
occur when a child experiences strong, frequent,
and/or prolonged adversity—such as physical or
emotional abuse, chronic neglect, caregiver
substance abuse or mental illness, exposure to
violence, and/or the accumulated burdens of family
economichardship—without adequate adult support.
Toxic stress is the maladaptive and chronically
dysregulated stress response that occurs in relation
to prolonged or severe early life adversity. For
children, the result is disruption of the development
of brain architecture andother organ systems andan
increase in lifelong risk for physical and mental
disorders.
What is childhood adversity?
A large number of adverse experiences (ie, toxic
stressors) in childhood can trigger a toxic stress
response.4 -6 These range from the commonplace (eg,
parental divorce) to the horrific (eg, the 6 year old
“soldier” ordered to shoot and kill his mother7).
Adversity can affect development in myriad ways, at
different points in time, although early exposures
that persist over time likely lead to more lasting
impacts.Moreover, adversity canbecomebiologically
embedded, increasing the likelihood of long term
change. Contextual factors are important.
Type of adversity—Not all adversities exert the same
impact or trigger the same response; for example,
being physically or sexually abused may have more
serious consequences for child development than
does parental divorce.8 9
Duration of adversity—How long the adversity lasts
can have an impact on development. However, it is
often difficult to disentangle duration of adversity
from the type of adversity (eg, children are often born
intopoverty,whereasmaltreatmentmight begin later
in a child’s life).
Developmental status and critical period timing—The
child’s developmental status at the time he or she is
exposed to adversity will influence the child’s
response, as will the timing of when these adversities
occur.10
Number of adversities and the interaction among
them——The Adverse Childhood Experiences (ACE)
study11 12 and subsequent body of ACE research
provide compelling evidence that the risk of adverse
health consequences increases as a function of the
number of categories of adversities adults were
exposed to in childhood. Although this seems
intuitive, it belies the fact that, when it comes to
severe adversity (eg,maltreatment), fewchildren are
exposed to only a single form of adversity at a single
point in time. In addition, the effects of exposure to
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multiple adversities is likely more than additive. Thus, multiple
forms of adversity may act in complex and synergistic ways over
time to affect development.
Exacerbating factors—Children with recurrent morbidities,
concurrentmalnutrition, keymicronutrientdeficiencies, or exposure
to environmental toxicants may be more sensitive to the adverse
effects of other forms of toxic exposures.13
Supportive family environments—Childrendevelop inanenvironment
of relationships,14 -16 and supportive relationships can buffer the
response to toxic stress. Safe, stable, and nurturing relationships
and environments are associated with reduced neuroendocrine,
immunologic, metabolic, and genetic regulatory markers of toxic
stress, aswell as improved clinical outcomes of physical andmental
health.17 18
Pre-existing characteristics—Many of the adversities being
considered are not distributed at random in the population. They
mayoccurmore commonly in childrenand familieswithpre-existing
vulnerabilities linked to genetic or fetal influences that lead to
cognitive deficits.19 -21 Infants who are more vulnerable to adverse
life events (eg, stigma) include those born very early (eg, at 25weeks’
gestation) or very small (eg, <1500 g), those born with substantial
perinatal complications (eg, hypoxic-ischaemic injury), infants
exposed prenatally to high levels of alcohol, or those born with
greater genetic liability to develop an intellectual or developmental
disability (eg, fragile X syndrome) or impairments in social
communication (eg, autism).
Individual variation—Finally, children may have different
physiological reactions to the same stressor. For example, Boyce,22
has proposed that by virtue of temperament, some children (such
as those who are particularly shy and behaviourally inhibited) are
highly sensitive to their environments and unless the environment
accommodates such children, the risk of developing serious lifelong
psychopathology is greatly increased; conversely, some children
thrive under almost any conditions.
Figures 1 and 2 illustrate how duration and type of adversity interact
with family environments and pre-existing characteristics to affect
development (fig 1), and how early adversity may become
biologically embedded (fig 2).
Fig 1 | The interplay of adversities, context, and human development
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Fig 2 | Some of the pathways that mediate exposure to early adversity and adult outcomes. Exposure to adversity early in life interacts with a child’s genetic endowment
(eg variations in genetic polymorphisms), which in turn leads to a host of biological changes across multiple levels. These changes, in turn, influence adult outcomes (adapted
from Berens et al23). HPA axis (SHRP)=hypothalamic pituitary adrenal axis (stress hyporesponsive period)
Consequences of exposure to adversity
Behavioral consequences—Childhood exposure to adversity may
result in a variety of behavioral and emotional problems7—for
example, increased risk taking, aggressive behaviour, involvement
in violence (home, school, and neighbourhood), and difficulties in
relationships with others.24 25 Of great concern is the development
of post-traumatic stress disorder (PTSD).9 26
Children experiencing trauma (eg,witnessing themurder of a family
member; sexual assault) are also at elevated risk of several other
psychiatric disorders, including depression, PTSD, conduct
problems, substance abuse, self-harm, and suicidal thoughts and
attempts.8 25 Some forms of physical and psychological abuse in
early childhood can be associated with eating disorders and mental
health issues affecting typical development and education.
Neurobiological consequences—Many studies have identified
structural and functional differences in brain development
associatedwith environmental stressors, suchas lowsocioeconomic
status,27 -31 physical abuse,32 and care giving neglect.33 34 For
example, exposure tomaternal stress in infancyhasbeenassociated
with reduced brain activity, as inferred from electroencephalogram
testing35, and profound psychosocial deprivation has been
associated with differences in overall brain volume along with
reductions in white and grey matter volume in several brain
areas36 37 and reduced brain electrical activity.38 39 Differences in
brain development have also been associated with decreases in
several cognitive functions,40 andparticularly executive functions,41
and distally, in educational achievement.42
Physical consequences—Early exposure to adversities, especially
poverty, is associated with linear growth failure and wasting, and
has recently been shown to be associated with reduced brain
volume43 and altered functional connectivity.44 Children exposed
to higher psychological stress have been shown to have higher
cortisol levels and greater risk of common diseases of childhood,
includingotitismedia, viral infections, asthma, dermatitis, urticaria,
intestinal infectious diseases, and urinary tract infections.45
Childhood adversities have also been associated with greater risk
of adult chronic conditions, including cardiovascular disease,
stroke, cancer (excluding skin cancer), asthma, chronic obstructive
pulmonarydisease, kidneydisease, diabetes, overweight or obesity,
and depression, as well as increased health risk behaviours.46 47
Tables 1 and 2 show many of the physical and psychological harms
observed among children and adults exposed to adversity early in
life.
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Table 1 | Health conditions in children associated with adverse childhood experiences (ACE)





2.33Increased incidence of chronic disease, impaired management





——Failure to thrive, poor growth; psychosocial dwarfism
2.84Poor dental health
1.4-2.43*Increased infections (viral, upper and lower respiratory tract
infections and pneumonia, acute otitis media, urinary tract
infections, conjunctivitis, intestinal
2.32*Later menarche (≥ 14 years)
PR† 3.15†Sleep disturbances
1.93Developmental delay
32.64Learning and/or behaviour problems
2.84Repeating a year at school
4.04Not completing homework
7.24High school absenteeism
0.44Graduating from high school
1.9For each additional ACEAggression, physical fighting
3.94Depression
5.04Attention deficit/hyperactivity disorder (ADHD)
4.53Any of: ADHD, depression, anxiety, conduct/behaviour disorder
1.9




6.24First use of alcohol at <14 years
9.15First use of illicit drugs at <14 years
3.74Early sexual debut (<15-17 years)
4.24Teenage pregnancy
* Odds ratio represents at least one ACE, but also includes other adversities
† Prevalence ratio represents at least one ACE, but also includes other adversities
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Table 2 | ACE-associated health conditions in adults associated with adverse childhood experiences (ACE)
Odds ratio (excluding outliers)*Symptom or health condition
2.1Cardiovascular disease (coronary artery disease, myocardial infarction, ischemic heart disease)
≥1 ACE: 1.4Tachycardia
2.0Stroke






3 ACEs, hazard ratio=1.5
≥1 ACE, 1.3
Arthritis, self-reported
4.9Memory impairment (all causes, including dementias)
1.7Kidney disease
≥ 5 ACEs: 2.1Headaches
1.2Chronic pain, any (using trauma z-score)
1.3Chronic back pain (using trauma z-score)
≥ 1 ACE: 1.8Fibromyalgia
2.0-2.7Unexplained somatic symptoms, including somatic pain, headaches
1.6-2.6Skeletal fracture








5.2Illicit drug use (any)
10.2Injected drug, crack cocaine, or heroin use
6.9Alcohol use
6.1Cigarette or e-cigarette use
11.0Cannabis use
4.2Teen pregnancy
5.9Sexually transmitted infections, lifetime
7.5Violence, victimization (intimate partner violence, sexual assault)
8.1Violence perpetration
* Odds ratios compare outcomes in individuals with >4 ACEs with those with 0 ACEs, except where specified.
What mediates the effects of adversity?
The link between exposure to adversity early in life and physical
andpsychological development are thought to bemediated through
several direct and indirect pathways. We first talk about the effects
on physical development, then turn our attention to psychological
development.
Effects mediated directly may include altering the regulation of
stress-signallingpathwaysand immunesystemfunction48; changing
brain structure and function49; and changing the expression ofDNA
and by accelerating cellular ageing.50 51For example, abuse or
neglect might directly lead to physical injury or undernutrition or
malnutrition. Similarly, stress can directly lead to dysregulation of
the hypothalamic-pituitary-adrenal axis and associated
neuro-endocrine-immune19 as well as epigenetic effects.52
Effects mediated indirectly might include changing the quality of
the care giving environment (eg, less responsive care3) or the
surroundingdistal environment (eg,neighbourhoodviolence,which
in turn will affect child development across several levels53); or
building dysfunctional cognitions about the self and the
world.25 54 55The effects of food insecurity (leading to undernutrition
or malnutrition) and unsafe or substandard housing (resulting in
exposure to asthmagens or environmental toxicants such as lead)
can lead to social disparities in health.4 Distal effects of adversity
include the early adoption of health damaging behaviors (eg,
smoking, poor food choices) that later in life lead to diabetes, heart
disease, and metabolic syndrome.47
On the psychological side, early adversity can lead to the
development of psychopathology early in life (eg, disruptive
behavior) that later in life manifests in more severe forms (eg,
antisocial personality). Furthermore, it can lead to the development
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of dysfunctional cognition about self and others.54 The interplay of
these different mediation mechanisms remains largely unclear.
Modelling the effects of adversity must take into consideration the
type of adversity, the duration and timing of the adversity, the
synergistic effects of multiple forms of adversity with the child’s
genetic endowment (fig 2), and the social supports and interventions
on which the child can depend (such as caregivers to whom the
child is attached).
What can we do now?
If we wish for today’s youth to inherit a world that is safe and
conducive to healthy development, we must do all we can to create
such a world, by preventing disorders from developing and
intervening once they are apparent.
Even for children living in adverse circumstances, much can be
done now to make a difference by preventing such disorders from
developing and intervening once they have surfaced. For example,
we can screen children experiencing adverse life events, and once
screened refer such children to early intervention services, as
California is doing (see elsewhere in this collection).
Intervention strategies have been developed to help children
manage their toxic stress response7 56 and to help families cope with
adversity. Many children are resilient, and physician-community
partnerships can help foster resilience.26
Recommendations for research
Much of the evidence has depended on the use of self- or
parent-report measures, which are relatively easy to score, can be
scaled at population level, and can be used (with modification)
across cultures. However, such measures are inherently subjective
andprone to biases (eg, recall bias). Othermeasures, such as official
court or child protection records, provide a more objective
assessment but often underestimate the prevalence of adversity.
Objective and subjective measures of childhood adversity identify
largely non-overlapping groups of individuals57 and, thus, may be
associated with health outcomes through different pathways.
Subjective experience is particularly important for psychopathology,
over and above objective experience.54
A challenge in examining the effects of adversity on development
is how to compare children growing up in different cultures. For
example, one study58 reported that a questionnaire on bullying
used in different cultures and countries did not generalize well (eg,
how one culture interpreted bullying differed from another).
Adversity and trauma should be considered in context, and
investigators in different cultures may need to develop different
assessments.
To move away from subjective evaluations of toxic stress (eg, self-
or other-report), and to gain insight into the neural and biological
mechanisms that mediate the toxic stress response, several
investigators have started to develop more objective biomarker
panels for screening for toxic stress that usemarkers of neurological,
immunological, metabolic, and genetic regulatory
derangements.59 -61 As this work continues, issues to consider
include how much better (eg, as predictors) such measures are than
behavior, how early in life they can be used, and whether they are
scalable.
The study of toxic stress and the toxic stress response needs to move
away from correlational and cross-sectional studies and deploy
designs that are amenable to drawing causal inference. This would
include longitudinal studies and ideally studies that involve
interventions. An advantage of the latter includes the ability to shed
light on mechanism.
More attention also needs to be paid to individual differences.
Different people respond differently to the same stressors. For
example, only a minority of children who experience trauma or
maltreatment go on to develop enduring psychiatric disorders; and
some children develop physical health disorders such as asthma
whereas others will not.62 In addition, individual differences exist
in biological sensitivity to stressors: for example, children identified
as shy or inhibited early in life may be more vulnerable to stressors
than children with more robust temperaments and who are less
fearful of novelty63 -65 and are more predisposed to anxiety as
adults.66
Recommendations for policy
Policy is only as good as the underpinning evidence, and these
recommendations have sufficient evidence to support them.
Careful consideration should be given to implementing
evidence-informed policies for optimizing health, nutrition, and
early childdevelopment,67 which in turn canbe expanded to include
older children andadolescents. Although the first three years of life
are generally emphasized, older children exhibit remarkable
plasticity inmolding their personalities andbehaviors.2768 Effective
interventions exist to treat and possibly prevent psychopathology
emerging after childhood trauma, but implementation needs to be
scaled up.7
Linking and optimizing preventive child health and education
initiatives early in life are key to successful intervention69 and need
to be done at the appropriate level in the health and education
systems. The development of the nurturing care framework70 has
been a welcome step in this direction, engaging platforms such as
community health workers and pre-schools .71
Community, school, andafter-school based interventions can reduce
the effects of traumatic events among children and adolescents
living in adverse circumstances.25 72
Public health strategies for primary, secondary, and tertiary
prevention of childhood maltreatment and adversity include both
universal and targeted interventions, ranging from home visiting
programs to parent training programs, routine screening for
adversity, and cognitive behavioral therapy.73 74
Key recommendations
• Researchers should consider both objective and subjective measures
of childhood adversity
• Researchers should broaden assessment of interventions beyond
mental health measures to more regularly include health outcomes
such as asthma, infection, inflammation, and insulin resistance
• Adversity and trauma should be considered in context, and
investigators in different cultures may need to develop different
assessments
• Researchers should consider how much better (eg, as predictors)
objective biomarker panels are than behavior, how early in life they
can be used, and whether they are scalable
• Researchers should move towards longitudinal studies and ideally
studies that involve interventions
• Researchers should pay more attention to individual differences
• Governments should implement evidence-informed policies for
optimizing health, nutrition, and early child development
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• Health and education systems should link and optimize preventive
child health and education initiatives early in life at the appropriate
level
• Use community, school, and after-school based interventions
• Consider public health strategies for primary, secondary, and tertiary
prevention of childhood maltreatment and adversity
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